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Magaloda termomagqnit dalgalarinin artmasi sosti nazari cohstdon arasdirilir. Gostorilir ki, elektrikkegiriciliyi tenzorunun
o qiymatindon asili olaraq, termomagqnit dalgalari uzununa (yani kL |7T) V3 enina (yani E| | |7T) istigamatlords hoyacanlanir.
Bu termomaqnit dalgalarinimn tezliklori ham uzununa, hom do enins istigamatdo hesablanir. Bu dalgalarin artimlart tors elektrik
kegiriciliyi tenzorunun a;;, giymati ilo miioyyan edilir. Hoyacanlanan dalganin asasen termomaqnit xarakterli oldugu isbat edil-
misdir. Nozori olaraq, alds edilon dispersiya tonliyi rogs tezliyina goras cobri olaraq yiiksok artir. Hor iki halda (uzununa l?| | VTvo
eninok L |7T) dispersiya tonliyi asagi tezlikdo termomaqnit tezliklorin oldugu sortlori ishat edir. Isbat edilmisdir ki, elektrik
kegiriciliyi tenzorunun qiymati eyni olarsa, termomagqnit dalgalarinin yayilma tezliyi forglidir. Nozariyys xarici magnit sahosi
olmadan qurulur. Xarici bir magnit sahasinin H, = 0 mévcudlugunda, termomagqnit dalgalarinin hayacanlanmasi sortlori vo
albatts ki, onlarin artma sartlori shomiyyatli dorocods doyisacakdir.

Acar sozlor: tezlik, termomaqnit dalgalari, enino dalgalar, uzununa dalgalar, elektrik kegiricilik tenzoru, tors tenzor.
PACS: 78,55, 73.22.CD, 73.22

GIRIS Elektrik sahosi E, temperatur qradiyenti
VT = const, yiik dasiyicilarinin konsentrasiya qradi-
yenti Tn vo 5(?, t) siirat ilo hidrodinamik harakatlor
olduqgda, elektrik coroyaninin sixligi beladir.

[1] isindo isbat edilmisdir ki, sabit temperatur qra-
diyenti olan plazmada hidrodinamik harokatlor, maqnit
sahosi yaranir. Bu vaziyyatdo plazma adi plazmadan
nazaragarpacaq doracods forgli halina salinmis xiisu-

v =% =%
siyyatlora malikdir. Belo bir plazmada yalniz maqnit J=ot +0J[E H } —aVvT _a'[VTH]

sahasinin rags termomaqnit dalgalar: hoyacanlanir. Xa- - (1)
rici bir maqnit sahasinin olmasi halinda, termomaqnit . = [SHJ T Vn
dalgalarinin dalga vektoru maqnit sahosino perpendi- E"=E+ c +€T,e >0

kulyardir va belo miistavida yerlesir_ﬁ, VT Termomag-
nit dalgalarimin siirati sos siiroti vo Alfven dalgasinin

. . A A 1) vektor tenliyinden E toyini vektor tonliyinin
stirati ilo miiqayiso edils bilor. Temperatur qradiyenti (1) vektor tonliyindon £ toyini - vektor tonliy

zamandan vo koordinatlardan asili deyil. Yik dasi- halli kimidir -
yicilarinin Larmor tezliyi onlarin toqqusma tezliyindon X=a+ l:b )_(il (2)
azdir, yoni.
(2)-don
ar<<t, 0= (67(]:(65),z:a+[ﬁa}+[ﬁ[ﬁxﬂ
mc
| b? <<1 oldugda ahriq:
= [gﬂ} (ST C 5 co’ 51,7 Vp
E=-L - A{VTH |+ = rotH == frotH, H [+ -2+ AVT 2)
c dro Arol cCp

(2*) ifadasini oldo edarken rotH = “7” 7 Maksvell wp = —cAKVT
tonliyindon istifado  edilmisdir Burada A = %, tezliyi ilo hayacanlanir.
A= “G_Zaa , 0 -elektrik kegiricilik amsali, A -diferen- [2'?’]'(19 isbat edilmisdir 1.(1’ ke-c;lrlc% bark cisim-
et . . lordo yiikdastyicilarin axint hidrodinamik horokatlor
sial istilik giicti, A -Neist-Ettlnshauzen effektinin omsa- yaradir vo buna gora do, kegirici mithitlordo termomag-
lidir. (2)-1 tonlikdo Z—Z = —crotE avoz edorok, H vo  nit dalgalarint hoyacanlandirmaq miimkiindiir. [4]-do

VTibarat olan tonlik oldo edirik. [1, 2]-do isbat edil-
misdir ki, k L H termomaqnit dalgas
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ishat edilmisdir ki, elektrik kegiriciliyi tenzorunun oy
qiymatindon asil1 olaraq anizotrop kegirici miihitlordo
bir ne¢o termomagqnit dalgasi hoyacanlana bilor. Bu ne-
zori isdo ishat edocoyik ki, tenzorun giymotindon
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0y asili olaraq anizotrop kegirici mithitlordo miixtolif Termomaqnit dalgasinin artma siiroti E|||7T v

tezlikli bir nega termomgqnit dwalgalarl eynivvaxtda ho- 2 71 oldugda, shomiyyatli doracada farglonir.
yacanlanir. Termomaqnit dalgalarinin dalga vektoru
temperatur gradiyenti E|||7T (uzununa dalga) boyunca NOZIRIYYD
yonaldildikds biz termomaqnit dalgalarinin tezliklarini '
toyin edirik. Isbat edok ki, k||V'T (uzununa dalga) vo ~ Izotrop bork maddads temperatur qradiyenti vo
% LUT (enino dalga) termomaqnit dalgalart boyilyo Xarici maqnit sah9s1 olduqda timumi elektrik sahosi [4]
bilor (sabitlik). formaya malikdir:

I

E=g+o]H [+¢'(H A+ AL+ A[VTH ]+ A(VTH A @3)

Anizotrop bork cisimds (3) tenliyindoki biitiin omsallar tenzorlardir. Sonra anizotrop bork cisim (3) {iglin
formaya sahib olacagiq:

Ei=gikj[<+[jﬁ}kji'k+gi"k(jﬁj k*Ankngk Ik[VTH]k A (VTR @

Burada ¢ =— omik miiqavimatin qarsiliqlt tenzoru j;, A;, -diferensial termoelektrik giic vo Aj, -
Oik
Nernst-Ettingshausen omsali var. Anizotrop bark cisimds xarici maqnit sahasini Ho = 0nozordon kegiracayik.
Onda (4) tenliyindo olan g, gji,Aj sifra borabordir. O zaman problemimiz ii¢iin tonliklor sistemi formaya
malikdir
£/ = Gicdi + A [VTH |

rotl§'=—iﬂ (5)
c ot

rotﬁ’:4—ﬂi’+1£
c c ot

Tutaq ki, biitiin agyalar monoxromatik dalgalanir. Sonra (5) don aliriq

B/ = cc i+ Aj [V TH;

ic2 i (6)
. Ic™ (|-= o
"= ——|kIKE'|[+ —E]
J dmo [ [ ]] 4z X
(6)-dan aliriq
2 2,2
e ic? (K +—( ‘ j g+ ik orEk, -k (GTE, o)
| = 2701k k dro  Cikok T T kK "o k
ENINO TERMOMAQNIT DALGALARI k L VT
KLVT oldugda koordinat sistemini se¢a bilarik
T  [(~-
k%0, kp =ks =0, k, - = (k9T )=0, 20, T _g @®)
0% 0%, OX3
Bu se¢imlo (7)-don asanligla oldo edirik
Ei :(Agilklkk +Bgy +—— i ki i JEk
o 0%
s s Lnpu i=k
E{ = 6y Ex, 6y = _ 9
i ik =k “ik O,npu i 2k ()

e i€ g _ilo?-c?)

Ao Ao

Ovaz edok



XARICi MAQNIiT SAHOSi OLMAYAN KECIiRiCi ANiZOTROP MUHITLORDO TEMPERATUR QRADIYENTI...

Pk = AgitkiKy + Bgi + 22 kl (10)
aXk
Onda (9)-dan aliriq
. 2 2.2
iw o —ck
P =611, P =1Q6, + —= a)l (P13 =106, Q=—""—
A Amo
P = §21’(922 =iQ¢;, + 22 :¢23 =iQ¢,3 (11)

Ar

i
P31 =4—§31:¢3z =1Qgg, +—= 52 ’(/’33 =1Q¢3,

(11)-1 (9)-la avaz etmoaklos biz olds edirik

(@ =) =0 (12)
vaya
P31P12P23 + PPaoPiz + (¢’11 —1X¢22 —1)(¢’33 —1)— (/’31(/’13(6022 —1)— (13)
- (/’32%3((/’11 - 1)— P21P12 (¢’33 - 1) =0
(11) nazars alinmagla (13) dispersiya tonliyi formaya malikdir
5
i=1

(14) tonliyi tezliyo goro besinci doroco ¢ox miirokkob formaya malikdir. (14) tonliyinin sadslogdirilmosi
coxlu riyazi yaxinlasma tolob edir. Lakin (14) tonliyi g, tenzordan asili olaraq asanliqla sadslesdirilir

Ogor
612 =613 =622 =623 =632 =633 (15)
611 =621 =631
Dispersiya tonliyi asagidaki formaya malikdir:
1 (i ic%k?
g11+§22 o + gll(a’13+a’12 (022)—1 W+ Wy + (33 — 62 =0 (16)
27r 2 T
Forz edak ki,
w=wy+iy, y<<am,
onda w, Vo y miiayyan etmok ti¢iin (16) asagidaki iki tonliyi aliriq
1 5, 1 S
——qwg ——— oy — (@13 + @1y — @y Jy — 0y + @y + 33 =0 (17)
27 A7 A
1 1 c2k?
—gu)g+—ga)07+i(a)l3+a)12—a)22)wo—y— -0 (18)
A 2 A 27
(18)-dan
1, ¢k’
V= 4—ng (0’13 o, — a’zz)a’o - (19)
T 2
(19)-u (17)-do oavoz etsok
B (YRTA, (E e 5 o, - K6 |
27[6' 0y D3+ Dy — W ir —— &g D3+ Dy — W )Wy or (20)

— @y + Wy +wy3=0

(20)-don goriniir ki, @y, =my3+ @y, ¢= oldugda

2(‘022 + 6033)
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@y = 2(5022 + 0’33)

Belaliklo, (21) termomaqnit dalgasidir. (21)-i (19)-ds ovoz etsok

Ly +ang)- 1K
r= 2 22 D33 2 Wy + W33
alariq.

(22)-don goriiniir ki, (21) tezliklo dalga artiq, agor

W,y + g3 >>CK
UZUNUNA TERMOMAQNIT DALGASI K ||[VT

k I VT sortinda koordinat oxlarini elo se¢a bilorik ki,

T T
|<1:|<,|<2=|<3:o,a T ok T 0 Lo Ty
X, Xy L oxg OXy OX3

Bu se¢imlo ¢, tenzorlarin ifadslori belodir

1%) .
Py = Egnn‘ﬂlz =1Qg, + :6013 =iQg;3 + 3

iw . .
P = i Go1:Pap =165, + Loz 1Pz =106 + @3
Vs w w

iw . .
P31=——631, @3 = 1963, +@’¢’33 =1Q¢33 + 2
Az w 0]
(23)-ii (13)-do ovoz etsok
i

3
_W (§11§22 +§11§33)50 +

4
631621623 T 6316136 )0 +———
( 31521523 31513 32) 6472'2

i i
Al ary (631621623 + 2631613632 Jo ok +_(§11 +Gap +Ga3)+
64 4m

1
—2 (c11633 +2§31§13)}03 “{ 3 —— (611620 + 611633 )7k —1+

16 1672 647

2
|0)22 ic°k 1 2,2
++—==(g11 — - o CK =gy — -
in (§11 §21)} in [647[2 631613532 622~ 633

1
N 6472 a’22C2k2(§11§33 +€13€31)— Wy =0

alariq.

G, tenzorlarin biitiin istiqgamatlords eyni qiymatlori (24)-don aliriq
x* +167x> + (— 487° +127zia)22g)><2 +647°% ( 1+i Zzzgjx — @y =0

X=gw
cke <<1

X = Xq +iXq, X, << 0 forz etsak, (25)-don aliriq:

W6

Xg — 487X Xq — A8 XG — 2470 ypcXoXq + 647 =222 X + 647 °X) — wyps = 0

Ax3x; +1672%3 — 9677 Xy Xy +127m0 5y X5 — 647Xy — 327 % wapcky =0
(26-27)-don gormok olar ki, X, >>1-do termomaqnit dalgalar yoxdur, onda (26-27)

- 2472(()22@(0X1 + 327[20)22QX0 + 647[3X1 - a)zzg = O

6

(1)

(22)

(23)

(24)

(25)

(26)

(@7)

(28)
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— 9672 XX, — 647Xy — 3272 wppcX =0 (29)

(29)-dan x, = —a;Z—jrgxl , X < %a)zzg alariq.
(28)-do ovaz etsok

=2
173
27 1
_r 2 30
A=3C (30)
_ D3 2m _ ®9)
0™ "or 3 3

aliriq.
(30)-dan goriiniir ki, @, = —% tezliyi olan dalgalar1 artacaq.
ﬂ:@.g_g:—wzzg <<1

w 3 2t 2x
WG << 27

Beloliklo, anizotrop kegirici mithitlordo miixtolif tezlikli termomaqnit dalgalari hoyocanlanir. Bu dalgalar
K| VT uzununa vo k L VT enino ola bilar.
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BO3BYXJAEHUE MMPOJOJBbHBIX U ITIONEPEYHBIX TEPMOMATI'HUTHBIX BOJIH B
AHM3O0TPOIIHBIX IMMTPOBOAAINNX CPEJAX ITPU HAJIMYUU TPAIUEHTA TEMIIEPATYPbI

VT BE3 BHEIIHEIO MATHUTHOT'O MOJISI H

B pabote TeopeTndeckn nCCIEAYIOTCS YCIOBHUS BO30YXK/ICHUSI TEPMOMArHUTHBIX BONH. [Toka3aHo, 9TO B 3aBHCHMOCTH
- 5
OT 3HAUCHUSI TEH30Pa ANEKTPOTPOBOAHOCTH U TEPMOMATHUTHBIE BOJIHBI BO30YKIAI0TCs B TpooabHoM (T.€. k||VT) u B mome-

peuHOM (T.e.E 1 |7T) HaIpaBJIeHUH. BBIUNCICHBI YaCTOTHI 3TUX TEPMOMArHUTHBIC BOJH U B IPOJIOJIBHOM U MONEPEYHOM Ha-
npaBieHUAX. IHKpeMeHThI HapacTaHKs 3TUX BOJIH ONPEIENIAI0TCS 3HAaUCHUAMHI 00PAaTHOTO TEH30Pa AJIEKTPONPOBOIHOCTH O .
JlokaszaHo, 4T0 BO30y»K/aeMasi BOJHA B OCHOBHOM SIBIISIETCSI TEPMOMArHUTHOTO XapakTepa. B Teopum momydeHs! quciepcH-
OHHBIE ypaBHEHHE SABJSIETCS aNredpandecku BBICOKMM CTENEHSIM OTHOCUTENIBHO YacTOThI KojeOaHui. JlucrnepcuoHHoe ypas-

HEeHHUE B 000X CiTydastx (MPOA0IbHBIE E| |l7T U MIOTNIEpPEYHbIE kL I7T) COJIeprKaT YWICHBI, B KOTOPBIX UMEIOTCSI TEPMOMAarHUTHBIE
YacCTOThI B HU3KOM CTENEHU 4acTOThl. Jloka3zaHo, 4TO eciy 3Haue€HUE TEH30Pa ANEKTPOIIPOBOJHOCTH OJJUHAKOBO, TO IPU ITOM
94acTOTa PacIpOCTPaHCHUS TEPMOMArHUTHBIX BOJIH pasHoe. Teopwus mocTpoeHa 6e3 BHenrHero MaruutHoro mosist Hy = 0. [pu
HaJIMYUH BHEITHETO MAaHUTHOTO IOJIST YCIIOBUS BO30Y)KICHUS TEPMOMATHUTHBIX BOJIH, U KOHEYHO YCIIOBHSI MX HapacTaHWs
CYIIIECTBEHHO U3MEHUTCS.
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EXCITATION OF LONGITUDINAL AND TRANSVERSE THERMOMAGNETIC WAVES IN
ANISOTROPIC CONDUCTING MEDIA IN THE PRESENCE OF A TEMPERATURE GRADIENT
WITHOUT AN EXTERNAL MAGNETIC FIELD

The paper theoretically investigates the conditions for the excitation of thermomagnetic waves. It is shown that,
depending on the value of the electrical conductivity tensor o;;, thermomagnetic waves are excited in the longitudinal (i.e.
E|||7T ) and transverse (i.e. kL l7T) directions. The frequencies of these thermomagnetic waves are calculated both in the
longitudinal direction and in the transverse direction. The growth increments of these waves are determined by the values of
the inverse electrical conductivity tensor ;. It is proved that the excited wave is mainly of a thermomagnetic nature. In theory,
the resulting dispersion equation is algebraically high powers with respect to the oscillation frequency. The dispersion equation
in both cases (longitudinal E| |l7Tand kL l7Ttransverse) contains terms in which there are thermomagnetic frequencies in a
low power of frequency. It is proved that if the value of the electrical conductivity tensor is the same, then the frequency of
propagation of thermomagnetic waves is different. The theory is constructed without an external magnetic field H, = 0. In the

presence of an external magnetic field, the conditions for the excitation of thermomagnetic waves, and of course the conditions
for their growth, will change significantly.



